Abstract -The ligands in the series [3k]aneNk (k=6-12), when neutral or partially protonated, can form complexes with many cations, and when extensively protonated they can form adducts with polycharged anions. We shall report some general trends in both cation and anion coordination. In particular thermodynamic and structural parameters obtained for cation and anion complexes will be considered in this paper. The analysis of such parameters enables some characteristics in the molecular recognition of both metal cations and anions to be outlined.
INTRODUCTION
In the last few years we have synthesized a number of polyazacycloalkanes of the general formula (-CH2CH2NH-)k which contain from 7 to 12 nitrogen atoms separated from each other by -CH2CH2-groups. Denoting these compounds as [3k] aneNk there is now a series available from the small [9] aneN3 to the large [36] aneN12. These macrocycles form complexes with metal ions in which there are many stable 5-membered chelate rings.
Variations in structural properties can be studied across the series of [3k]aneNk ligands as a hnction of the number, k, of nitrogen atoms. As k increases the size of the macrocyclic cavity increases and also the ligand as a whole becomes more flexible. Consequently both mononuclear and polynuclear complexes can be obtained, with a variety of geometrical structures. Furthermore, protonation of one nitrogen atom has a strong influence on the properties of adjacent atoms by virtue of the shortness of the alkyl chain which separates it from them. Protonation of these macrocycles occurs ready, even in water in the absence of added acid, yielding polyprotonated species which are well suited to the study of anion coordination. The polyprotonated macrocycles are particularly usehl as models for supramolecular catalysts such as enzymes in such reaction as the dephosphorylation of nucleotides like ATP (ref. 1). The polyazacycloalkanes (and even better, some cagederivatives of them that we will see later) are also able to impose a type of preorganization on the complexation of metal ions of biological interest and can therefore be used for biomimetic studies.
COORDINATION OF CATIONS
We have examined a number of complexes of the cations Mn2+ Fe2+, Co2+, Ni2+,Cu2+, Zn2+, Cd2+, Pd2+ and Pb2+. As may be expected the Mni+ complexes are the least stable. Structurally, single crystal X-ray analysis of the perchlorate salt of the cation [Mn([21] aneN7)]2+ has revealed a very irregular polyhedron with all 7 nitrogen atoms bound to the metal cation. The Mn-N distances vary between 2.34 and 2.70 A (ref.
2). With Fe2+ only a few complexes with the larger polyazacycloalkanes have been studied so far, but it can be stated that the [Fe{ [21] aneN7}I2+ cation is about 100 times more stable than the manganese analogue just described (ref. a The corresponding AS" value is 70 cal. deg-l mol-l present in solution. In the latter complex, one nitrogen atom has been deprotonated and this negatively charged atom acts as a bridge between two palladium atoms, as shown in and we have found that as the ring size increases there is a tendency for the number of lead atoms bound in the complex to increase from 1 to 3. Many lead(I1) complexes exist in a protonated form and there are also many complexes containing hydroxo groups. The complex [Pb2{ [30]aneNlo}(ClO4)2](ClO~)2 has been isolated and its structure is shown in Fig. 2 ; each lead atom is attached to 4 nitrogen atoms from the macrocycle, fhrther interacting at longer distances with the remaining nitrogen atom of the ligand and one oxygen atom from a perchlorate ion, in a rather irregular coordination polyhedron. As the extent of protonation increases, interactions between >NH2+ groups increase and in consequence the molecule tends towards a configuration in which the nitrogen atoms are co-planar; the hlly, protonated polyaza-cycloazaalkanes assume a shape close to circular. These conformational changes, together with the establishment of zones of different charge density, enable conditions to be determined for selective anion coordination and other types of molecular recognition.
COORDINATION OF ANIONS
When the macrocycles under discussion are protonated they are able to interact with variously charged anions to give supramolecular complexes. The strength of the interaction and therefore the equilibrium constant for the formation of such species depends on a number of factors. 1) Charge density. The interaction between the cation and anion is weaker the lower the charge density in the region of contact. Thus, for a given degree of protonation, the stability of the supercomplex increases with the charge on the anion, and decreases as the macrocyclic ring becomes larger (Fig. 3) . However, the conformation of the cation is strongly affected when it interacts with an anion. We have shown that when the anion can enter into the macrocyclic cavity a more stable complex is formed than when the anion is located external to the cavity. The equilibrium constants for the anion [co(CN6)l3' are shown as a fbnction of k in Fig and then rises to a maximum at k=10. This increase has been attributed to a greater degree of penetration into the cavity until, with k=10 the anion is hlly encapsulated as can be seen in the structure (Fig. 5 ) the synthesis of derivatives with side-chains or indeed of cage structures. Two cage ligands which have been made are shown in Fig. 6 . We are now studying reactions of these ligands with transition and alkali metal ions. The structure of the complex of zinc(I1) with L1 was determined, The coordination of the zinc ion is distorted trigonal bipyramidal with one water molecule in the equatorial plane. This water molecule interacts via hydrogen bonds with two uncoordinated nitrogen atoms of the ligand. 
